Abstract -Several banding methods were employed to analyze the chromosomes of the fish Parodon hilarii, i.e., Cbanding, digestion with the restriction endonuclease Hae III, G-banding (trypsin), incorporation of 5-BrdU, and base-specific fluorochrome staining, with emphasis on the constitutive heterochromatin. The pattern obtained after the chromosomal cleavage with the restriction enzyme Hae III was similar to that of the C-banding. The incorporation of 5-bromodeoxiuridin (5-BrdU) in the chromosomes was able to detect several heterochromatin segments of late replication, with exception of some C-banded sites which were not evidenced after the 5-BrdU treatment. The terminal segment of the long arm of the 15 th chromosome pair, which corresponds to a NOR site, seems to be composed by AT-rich heterochromatic regions interspersed with CG-rich regions. Besides, the long arm of the W chromosome shows a structural differentiation concerning the distribution of the heterochromatin.
INTRODUCTION
The constitutive heterochromatin corresponds to a particular component of the chromatin, comprising most of the satellite DNA (highly repetitive DNA sequences). Studies using banding techniques and FISH (fluorescent "in situ" hybridization) with repetitive DNA probes have demonstrated that the heterochromatin is molecularly heterogeneous, with specific types of satellite DNA and with moderate repetitive sequences in some chromosomal regions. In addition, sequences showing active transcription can also be found within heterochromatic segments, some of them corresponding to vital functional genes (Weiler and Wakimoto 1995) . Heterochromatin are commonly located at nucleolar organizer regions (NORs), centromeres, telomeres and, sometimes, interspersed with other chromosomal regions (Yunis and Yasmineh 1971, Stephan and Cho 1994; Weiler and Wakimoto 1995) .
Parodon hilarii is a small fish species inhabiting rivers with fast-moving waters and rocky bottom, mainly waterfalls and streams (Roberts 1974) . Parodon species are distributed in almost all South America regions (Travassos 1955) .
Cytogenetic studies have showed that P. hilarii presents a sex chromosome system of ZZ/ZW type, characterized by a clearly heteromorphic pair in females, where the W is a large subtelocentric chromosome, the largest one in the complement, and the Z is a medium sized submetacentric chromosome, corresponding to the 13 rd karyotypic pair (Vicente et al. 2003) .
Several banding techniques have been used to a better understanding of the structure and organization of constitutive heterochromatin in fishes. C-banding has been the most employed method. However, fluorochromes staining, digestion by restriction endonucleases, G-banding, incorporation of 5-BrdU, and FISH with repetitive DNA probes have also been adopted to characterize the heterochromatin in several fish species (Venere and Galetti Jr. 1995; Maistro et al. 1999; Artoni and Bertollo 1999; Vicente et al. 1996; Vicente et al. 2003) .
The objective of the present work is to increase the cytogenetical data of P. hilarii, empha-sizing the constitutive heterochromatin, in particular the segments related to sex and NOR-bearing chromosomes.
MATERIALS AND METHODS
Sixty-seven specimens of Parodon hilarii (28 females and 39 males) were collected at Porta stream, a small tributary of the São Francisco river in Três Marias, Minas Gerais State, Brazil.
Metaphasic plates were obtained from cells of the anterior kidney, following the procedure described by Bertollo et al. (1978) . C-and G-banding, the nucleolar organizer regions (Ag-NORs) and chromosome staining with fluorochromes (distamycin/chromomycin A 3 and DAPI) were obtained according to Sumner (1972) , Cano et al. (1996) , Howell and Black (1980) and Schweizer (1980) , respectively. Chromosomal 5-BrdU incorporation and revelation followed Fenocchio et al. (1991) and Giles et al. (1988) , respectively. Chromosome banding with the restriction endonuclease Hae III was obtained according to Mezzanotti et al. (1983) , after incubation of the slides at 37 o C for 15 hours.
RESULTS
P. hilarii presented 2n=54 chromosomes for both sexes. The male specimens showed 27 meta/ submetacentric chromosomal pairs, whereas females showed 26 meta/submetacentric pairs plus one heteromorphic pair composed by a mediumsized submetacentric chromosome (equivalent to the 13 rd pair) and a large subtelocentric chromosome, the largest element of the karyotype, which characterizes a sex chromosome system of ZZ/ ZW type with female heterogamety (Figure 1 ).
The analyses with the restriction enzyme Hae III evidenced pericentromeric or terminal bands in some chromosomes.. Terminal marks were mainly observed in both arms of the pairs 2, 4, 13(Z), and 15, in the short arm of the pairs 8 and 21, and in the long arm of the pairs 9 and 12. The W chromosome presented a terminal band in the short arm, whereas its entire long arm presented a longitudinal banding (Figure 2a ). The C-banding also revealed pericentromeric positive bands in most of chromosomes (data not shown) and terminal marks in some others (Figure 2b) . A comparative analysis of the results obtained from these both banding methods shows that the positive bands provided by the enzyme Hae III are coincident to the pericentromeric and terminal heterochromatin detected by C-banding.
The nucleolar organizer regions are located at terminal position in the long arm of the 15 th submetacentric chromosomal pair, as shown in Figure 2a (box) .
Some weakly stained regions were observed after the chromosomal incorporation of 5-BrdU, as in the short arm of the 4 th pair, in the long arm of the 9 th , 12 th , and 25 th pairs, and in both arms of the 15 th pair (Figure 2c ). The NOR-bearing pair (15 th ) and the W chromosome were the only chromosomes of the P. hilarii complement that showed positive bands after all cytogenetic methods utilized (Figures 3 and 4) . By conventional Giemsa analysis, it was possible to verify a terminal secondary constriction on the long arm of the 15 th pair ( Figure 3A) , which was positively signed after silver nitrate staining (FigFig. 2 -(a) Karyotype of Parodon hilarii after treatment with the enzyme Hae III and DAPI staining. In the box, detail of the NOR-bearing pair (15 th ) stained with silver nitrate. (b) and (c) Details of some chromosome pair showing terminal bands after C-banding and 5-BrdU incorporation, respectively. ure 3B), C-banding ( Figure 3C ), Hae III digestion ( Figure 3F ), and CMA 3 staining ( Figure 3G ). This region also presented a late replication pattern, i.e., a BrdU faint band ( Figure 3E ) and a negative G-banding and DAPI staining ( Figures 3D and  H, respectively) . In addition, this chromosome pair also presents a discrete terminal heterochromatic region on the short arm. This band is frequently undetectable by C-banding, but evidenced as a weakly stained region after 5-BrdU incorporation ( Figure 3E ) and digestion with the enzyme Hae III ( Figure 3F ).
The Z chromosome (13 th pair), despite of the presence of a terminal heterochromatic region on the long arm, and a discrete C-band on the short arm, was positively signed only by C-banding and with the Hae III endonuclease (Figures 2a and 2b) .
The W chromosome, the largest one in the karyotype, presented heterochromatic segments at pericentromeric region, on the telomere of the short arm, and in almost all the long arm ( Figure  4B ). The heterochromatin on the short arm was also evidenced by the enzyme Hae III ( Figure 4F ), but undetected by the other methods. The heterochromatin on the long arm was not homogeneously located. Such heterogeneity was observed by C-banding ( Figure 3B ), the digestion with the enzyme Hae III (Figure 3F ) and by G-banding ( Figure 3C ), displaying a longitudinal pattern of multiple bands. Besides, after the 5-BrdU incorporation, an interstitial weakly stained band was also detected on the long arm ( Figures 4D and  4E ). This same region was DAPI negative ( Figure  4H ) and CMA 3 neutral ( Figure 4G ).
DISCUSSION
Parodon hilarii shows a terminal C-banding pattern which is coincident to the positive regions obtained after the chromosomal digestion by the enzyme Hae III. It is probable that these heterochromatic segments present a homogeneous repetitive DNA resistant to the action of that enzyme, as suggested by Sanchez et al. (1991) for Salmo trutta. The enzymatic activity over the chromosomal DNA seems to be dependent of the chromatin structure organization (Mezzanotte et al., 1983) .
The incorporation with 5-BrdU was useful to identify some chromosomal regions with a late replication (weakly stained regions) (Figure 2c ). These regions are coincident to heterochromatic segments, excepting the terminal segment on the long arm of the 25 th pair, which was evidenced by 5-BrdU but negatively signed by C-banding. Indeed, this chromosome site present a small repetitive segment evidenced by FISH (Vicente et al. 2003) . Therefore, it is frequently undetectable by Hae III-and C-banding. On the other hand, the heterochromatic regions on the pairs 2, 8, 13(Z), 21, as well as on the long arm of the pair 4, were not evidenced by 5-BrdU incorporation ( Figure  2b,c) , thus evidencing a differentiated heterochromatin in these sites.
The chromosome pair bearing NOR (15 th ), presents heterochromatin probably interspersed with the rDNA cistrons ( Figure 3B,C) . This region showed to be GC-rich, i.e., CMA 3 positively labeled, which is reinforced by its negative G-banding and DAPI staining ( Figures 3G, 3D , and 3H, respectively). However, the NOR site also presents a repetitive DNA region, 60% composed by AT base pairs (Vicente et al, 2003) . These data suggest that the AT-rich regions are interspersed with GC-rich ones in the terminal segment of the long arm of the 15 th pair. This repetitive DNA was either located on a small terminal region in the short arm of the same 15 th pair, which is also evidenced after C-banding, digestion with Hae III, G-banding (dark signal), and presenting late replication ( Figures 3C, F, D , E, respectively). The association between heterochromatin and nucleolar organizer regions has been extensively reported. The heterochromatin seems to act as a spacer to avoid mutations and recombination within the 18S and 28S ribosomal cistrons, conserving their integrity (Yunis and Yasmineh 1971) .
The heterochromatin present in the long arm of the Z and in the short arm of the W chromosomes shares a same family of satellite DNA (Vicente et al. 2003) . In the present work, such heterochromatin was observed only by C-banding and with the enzyme Hae III (Figures 2a, 2b, 4B , and 4F). However, the heterochromatic long arm of the W chromosome evidenced a heterogeneous pattern (Figure 4 ). According to Vicente et al. (2003) , the differentiation of the W chromosome was due to the increase of the heterochromatin located on the short arm of the probable ancestor chromosome, similar to the 13 th chromosomal pair (Z), leading to its actual long arm. The amplification of a repetitive unit seems to be related to the evolution of the heterochromatin. Such amplification may involve a modification of the repeat sequence, co-amplifying some adjacent or interspersed regions, altering the heterochromatin composition in a specific chromosomal site (Peacock et al. 1981) . This process could explain the heterogeneity of the heterochromatin along the long arm of the W chromosome of P. hilarii. Molina et al. (1998) observed a species-specific heterochromatin pattern on the long arm of the W chromosome in four Leporinus fish species. The results obtained with the fluorochromes CMA 3 and DAPI revealed a common occurrence of distinct classes of DNA on the W chromosome, where the amplification, in a small scale, could have leaded to the particular structure of this chromosome among the distinct species, without modification of its size and morphology.
It is also outstanding the conspicuous interstitial region on the W chromosome showing late replication as evidenced by BrdU incorporation (faint band), and G-banding (positive band) (Figures 4D , 4E, and 4C, respectively). Our results indicate that during the evolutionary process of P. hilarii, the accumulation of heterochromatic material on the long arm of the W chromosome was accomplished by its differentiation, mainly regarding to a structural organization.
